Abstract-Human ability to detect 3-D structure in an array of 2-D moving do~s was tested'l!nder limited exposure time, we found high detection rates only when the. 2-D motl~n was restncted to the spatio-temporal region of short-range motion. Long-r~nge movmg. dots fa~led to. produ~e a str?ng impression of 3-D structure and yielded only weak detection rates. This result IS consls~ent With the view that the processing of long-range motion is more serial than that of short-range motion.
INTRODUCTION
Structure-from-motion (SFM, also called "kinetic depth", Wallach & O'Connell, 1953) refers to the ability of the visual system to recover 3-D structure based on 2-D motion information alone. In a typical SFM experiments with discrete points (Green, 1961; Braunstein, 1976; Ullman, 1979; Petersik, 1980) , an image of a transparent hollow object, such as a 3-D cylinder, is created by successively presenting its 2-D projections while it rotates, e.g. about its vertical axis. Any single view of the cylinder fails to convey a clear 3-D impression (one such projection is shown in Fig. 1 ). In the changing image, the sparse dots appear to be glued to the cylinder's surface, and a vivid impression of a rotating cylinder is obtained.
The global percept of the rotating cylinder that is obtained by the displacement of the dots results from their apparent motion (AM). It was suggested (Braddick, 1974; Anstis, 1980; Petersik, 1989 ) that AM can be described by two mechanisms: short-range (SR) and long-range (LR) motion. It was shown recently (Dick, Ullman & Sagi, 1987 ) that in visual search tasks SR motion detection can be processed in parallel (preattentively) across the visual field, while the detection of LR motion requires a serial search (is attentive). Thus, if the process ·To whom correspondence should be addressed.
that underlies the perception of SFM suffers from the same limitations as parallel search, we might expect perceptual difficulties and evidence for serial processing under pure LR conditions. Alternatively, it is possible that LR motion information is directly available for SFM computations, regardless of attentive limitations.
Earlier studies demonstrated a failure in perceived depth and rigidity of 3-D structure from motion when the motion was of the LR type. In these experiments the observers were presented with an array of random dots simulating transparent rotating objects. The observers' task was to report "depth" of a rotating sphere (Mather, 1989) or "rigidity" of a rotating cylinder (Todd, Akerstrom, Reichel & Hayes, 1988) . Both tasks may require higher level decisions involved in recognition of the 3-D object and thus the LR failure may be due to an inability to access these high level operations. We thought to overcome this problem by using a detection paradigm.
In our experiments, we asked whether SFM can be detected when the rotating cylinder is embedded in a background of randomly moving dots and whether this detection can be achieved efficiently when SFM is defined by SR or LR motion only. Although we discuss SR and LR motion in the context of the dichotomy proposed by Braddick (1974) , our st~muli for t~e two types of motion differed only 10 the spatIal displacement of the individual dots between two temporal frames. In all experiments presented
